One-sentence summary: The herbivore-induced plant volatile indole increases jasmonate-dependent plant resistance to herbivores by priming early defense signaling components, including a mitogen-activated protein kinase.
of physiological processes in different organisms. 48 In the current study, to understand if and how indole is integrated into early 49 defense signaling in plants, we studied its role in rice (Oryza sativa). Rice is a useful 50 model, as several key players in early defense signaling have been identified in rice, 51 including receptor-like kinases (Ye, 2016; Hu et al., 2018b) , MPKs (Wang et al., 2013;  6 / 25 we measured OsMPK3 phosphorylation by immunoblot analysis using an 116 anti-phosphoERK1/2 (anti-pTEpY) antibody that interacts with doubly 117 phosphorylated (activated) MPK3 and MPK6 (Segui-Simarro et al., 2005; Anderson 118 et al., 2011; Schwessinger et al., 2015) . Indole pre-exposure increased OsMPK3 119 activation 90 min after elicitation ( Figure 3C ). OsMPK6 may also exhibit a slightly 120 higher activation upon indole pre-treatment, but the gel blot analysis remains difficult 121 to interpret in this regard ( Figure 3C ). Thus, indole pre-exposure increases the elicited To investigate whether the activation of early defense signaling components is 130 associated with higher accumulation of stress-related phytohormones, we quantified OsMPK3 is required for indole-dependent jasmonate accumulation and 147 herbivore resistance 148 To understand whether the early signaling components that are responsive to indole 149 are required for downstream responses, we measured JA accumulation upon 150 elicitation by simulated herbivory as well as herbivore resistance in control-and 151 indole pre-exposed wild type and transgenic plants, including the 152 OsLRR-RLK1-silenced line ir-lrr1 (Hu et al., 2018b) , the OsMPK3-and 153 OsMPK6-silenced lines ir-mpk3 and ir-mpk6 (Wang et al., 2013; Li et al., 2015) and 154 the OsWRKY70-silenced line ir-wrky70 (Li et al., 2015) . OsLRR-RLK1 silencing did The jasmonate signaling pathway contributes to indole-induced herbivore 175 resistance 176 To study the connection between the regulation of jasmonates and the decrease in 177 herbivore performance in indole-exposed plants, we tested as-aos1 plants, which 178 accumulate lower levels of jasmonates upon herbivore elicitation compared to wild 179 type (Hu et al., 2015) . OPDA, induction, JA accumulation and herbivore growth 180 suppression were reduced by approximately 50% in as-aos1 plants vs. the wild type 181 ( Figure 5E , J, O). Across the different genotypes, herbivore growth suppression was 182 strongly correlated with OPDA and JA over-accumulation: Genotypes that responded 183 to indole with stronger OPDA induction and JA accumulation upon elicitation also 184 reduced larval growth more strongly after pre-exposure ( Figure 6A Figure 6C ). Together, these findings implicate the jasmonate-signaling 188 pathway in indole-induced herbivore resistance. 197 HIPVs such as GLVs have been shown to regulate early defense genes that likely 198 act upstream of stress hormone signaling (Ton et al., 2007; Frost et al., 2008; Erb et 199 al., 2015; Hu et al., 2018a) . Here, we demonstrate that indole pre-exposure at currently no evidence that direct OPDA induction is the key mechanism behind the 250 priming of JA biosynthesis in indole pre-exposed plants. in the different transgenic lines and WT plants that were pre-exposed to indole or control dispensers (+SE, n=6 [individual plants]). Note that WT, ir-mpk3 and ir-mpk6 plants as well as WT, ir-wrky70 and as-aos1 plants were measured together within the same experiments. The WT data are, therefore, identical in the respective figures (e.g. same WT data for ir-mpk3 and ir-mpk6 figures; same WT data for ir-wrky70 and as-aos1 figures). FW, fresh weight. n.s. not significant. Percentages refer to fold changes of indole-exposed plants relative to controlexposed plants. Asterisks above bars indicate significant differences between volatile exposure treatments within the same plant genotype (two-way ANOVA followed by pairwise comparisons through FDR-corrected LSMeans; *, P < 0.05; **, P < 0.01; ***, P < 0.001). Asterisks above lines represent significant differences between indole-dependent fold changes of WT and transgenic lines (Student's t-tests, *, P < 0.05; **, P < 0.01; ***, P < 0.001). concentrations in indole-exposed plants relative to control-exposed plants and fold changes of S. frugiperda larval performance on indole-exposed plants relative to control-exposed plants.
